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Abstract 
This paper presents a mode choice model for bike-and-ride using the data combined with RP and SP surveys from the 
neighborhoods within the distance of 500 meters away from the public bike spots in Xi’an Economic and Technological 
Development Zone. Compared with the previous researches, this model adds the factors of the owning of vehicles or not and trip 
purpose besides of the socio-economic characters, trip features and the service and facility level. The significant factors which 
can influence the mode choice behaviors of the bike-and-ride are identified and the results show that the age, owning of bikes, 
trip distance and the convenience of the service and facility of bike-and-ride have large impacts on the mode choice of bike-and-
ride. Besides, car available and the income per year can also influence the mode choice of bike-and-ride and trip purpose has a 
small effect on the mode choice of bike-and-ride. Finally, this paper provides the policy suggestions for well implementation of 
the public bike projects in Xi’an Economic and Technological Development Zone according to the model analysis results to 
encourage more people choosing this mode pattern, which includes: (1) simplifying the transfer procedures, shorten the distance 
between bus stops/rail stations and public bike spots, and generalize the using of the transport card (containing both of the transit 
service and public bike service); (2) increasing the number of the public bike sports in the large commercial, residential, office 
areas and bus stops/rail stations where is densely populated; (3) planning and designing bike lanes in the road reconstructions. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Beijing Jiaotong University (BJU), Systems Engineering Society of China (SESC). 
Keywords: Mode choice; Transfer; Bike-and-Ride; Logistic regression; Policy suggestions 
 
* Corresponding author. Tel.: +86-136-7927-5263; Fax: +86-(0)29-8233-4851. 
E-mail address: philoyl@sohu.com. 
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of Beijing Jiaotong University(BJU), Systems Engineering Society of China (SESC).
169 Liu Yang et al. /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  168 – 173 
1. Introduction 
Mode choice behavior analysis is the basis for transport planning, design and management. Among various 
modern transportation modes, bike-and-ride turns out to be fast, convenient, economic and eco-friendly, therefore, 
to encourage people choosing the mode of bike-and-ride will have a positive effect for releasing transport 
congestions, reducing traffic pollutions and promoting the realization of the low-carbon transportation goal (Devon 
et al., 2013; Fishman et al., 2012; Yang, 2012). As for the above reasons, many cities in China have implemented 
the public bike projects. However, the operation result is not as good as what is expected in Xi’an Economic and 
Technological Development Zone. Many of the public bikes are in idle. There are 30 public bike renting spots and 
600 bikes in total, but there are only about 1000 person-times using the bikes per day. Therefore, the mode choice 
behaviors for bike-and-ride needs to be further studied, which can provide the theoretical basis and data support for 
the policy makings. Yang (2007) divided the factors affecting the mode choices for bicycle into socio-economic 
characters (age, gender, job, income, education, and family features), trip features (trip purpose and trip distance) 
and subjective perception of travel mode service level (time consumption, convenience, safety, comfort, and 
economy). Shan (2006) considered that socio-economic characters (gender, age, residential duration, education, job, 
and family income) and trip features (trip distance and trip time) would affect people choosing the mode of bicycle. 
Ma (2011) regarded bicycle facilities as a factor affecting the mode choices. Based on the previous studies, socio-
economic characters, trip features, transportation mode service and facility levels would affect the travel mode 
choice behaviors. Besides, owning of vehicles and trip purposes also has impacts on the mode choice behaviors. 
Therefore, this paper establishes a logistic regression model plus the factors of owning of vehicles and trip purposes, 
and identifies the significant factors of the mode choice for bike-and-ride. According to the model results, some 
policy suggestions are provided for promoting bike-and-ride in order to encourage more people choosing this mode 
pattern. 
2. Data Collection and Model Establishment 
Data used for the model estimation comes from the RP and SP surveys and questionnaires in the neighborhoods 
near the public bike spots in Xi’an Economic and Technological Development Zone. The distance from the 
neighborhoods to the public bike spots is within 500 meters, and the sampling rate is determined according to the 
number of the households in the neighborhoods, and 1364 samples were surveyed in total. 
 
Table 1. Sampling rate in the neighborhoods within the distance of 500 meters away from the public bike spots in 
Xi’an Economic and Technological Development Zone. 
Household number  in the neighborhoods Sampling rate 
100-300 >50% 
300-800 50%-20% 
>800 30%-10% 
 
In this paper, a binary logistic regression model is established with socio-economic characters (gender, age, job, 
income, owning of vehicles), trip features (trip distance, trip time, trip purpose), and service and facility level of the 
public bike(convenience, safety, comfort) as independent variables and the dependent variable is weather to use the 
mode of bike-and-ride. In a binary logistic regression, the cumulative logistic probability function is used, which 
assumes if the possibility of 1Y   is P , then the one of 0Y   is 1 P . The dependent variable Y  could be 
regarded as a result of a Bernoulli trial because Y  is either 0 or 1. To logit transfer P means to ln( /1 )P P , marked 
as logit P . The value of logit P  is between infinity and infinitesimal (Wardman et al., 2007; Yang, 2010). Then the 
equation of linear regression with logit P  as the dependent variable can be built as below, 
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The maximum likelihood estimation method is used for model estimation. In the model, D is the constant, which 
means the value of logit P  when every independent variable equals to 0. And kE is called Logistic Regression 
Coefficient, which means the change of logit P , when other independent variables remain still and its kx increases 
1 unit. The descriptions of the model variables are shown in Table 2. 
 
Table 2. Descriptions of the variables in the model 
Variable Description 
In
de
pe
nd
en
t v
ar
ia
bl
es
 
Socio-economic 
characters 
gender genderA: male, genderB: female 
age ageA:(0~18), ageB:(18~35), ageC:(35~55) , ageD:(>55) 
job jobA: worker, farmer, service employee, self-employee,  jobB: administrative staff and technique staff, jobC: retired, jobD: student, jobE: unemployed, housewife 
income incomeA: (0~40,000 RMB), incomeB: (40,000~80,000 RMB), incomeC: (>80,000 RMB) 
car available carA: 0, carB: 1, carC: >1 
motor available motorA: 0, motorB: 1, motorC: >1 
bicycle available bikeA: 0, bikeB: 1, bikeC: >1 
Trip features 
distance distanceA: (0~5km), distanceB: (>5km) 
time timeA: (0~30min), timeB: (30~60min), timeC: (>60min) 
purpose purposeA: to work or school and back, purposeB: shopping and recreation, purposeC: tourism, purposeD: family visit, purposeE: commercial business 
Service and 
facility level 
convenience convA: convenient, convB: not convenient 
Safety safeA: safe, safeB: not safe 
comfort comfortA: comfortable, comfortB: not comfortable 
D
ep
en
de
nt
 
va
ria
bl
e 
Whether to use bike-and-ride mode 
0: use the mode of bike-and-ride 
1: don’t use the mode of bike-and-ride 
3. Model Estimation and Calibration 
Logistic Regression Model is shown as below, 
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In the equation, ( )p x denotes the possibility of mode shift choice from rail transit to bicycle, D denotes the 
constant, kx ( 1,2,3k K ) denotes the independent variables, kE denotes the coefficient of kx . 
The logistic regression module in SPSS19.0 is applied and the independent variables with significance levels 
more than 0.1 in the estimation result are rejected. The likelihood ratio test and model estimation results are shown 
in Table 3 and Table 4. 
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Table 3. The likelihood ratio test results of the Logistic Regression Model 
-2*(log-likelihood) 2F  df significance level 
constant 291.083 0.000 0.000 - 
age 303.061 11.978 3.000 0.007 
car available 296.926 5.843 2.000 0.054 
bike available 311.229 20.146 2.000 0.000 
income per year 295.892 4.809 2.000 0.090 
trip distance 298.729 7.645 1.000 0.006 
convenience 312.402 21.319 1.000 0.000 
 
Table 4. Model estimation results 
B S.E. Wald df Sig. Exp(B) 
constant -3.219 1.044 9.509 1.000 0.002 
age 
A: 0~18 2.099 1.012 4.307 1.000 0.038 8.161 
B: 18~35 0.541 0.747 0.524 1.000 0.469 1.718 
C: 35~55 1.164 0.762 2.334 1.000 0.127 3.203 
Base case is age >55 
car available 
A: 0 -0.615 0.581 1.121 1.000 0.290 0.541 
B: 1 -0.109 0.568 0.037 1.000 0.848 0.897 
Base case is car available >1 
bike available 
A: 0 -1.114 0.294 14.404 1.000 0.000 0.328 
B: 1 -0.354 0.304 1.360 1.000 0.244 0.702 
Base case is number of the bike >1 
Income 
A: 0~40000 0.861 0.557 2.393 1.000 0.122 2.366 
B: 40000~80000 0.473 0.558 0.718 1.000 0.397 1.605 
Base case is income >80000 
distance 
A: 0~5km 0.579 0.215 7.235 1.000 0.007 1.784 
Base case is distance >5km 
convenience 
A: convenient 1.058 0.219 23.287 1.000 0.000 2.881 
Base case is not convenient 
 
Then the probability of using the mode of bike-and-ride can be shown as below, 
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4. Results Analysis and Policy Suggestions 
4.1. Results analysis 
There are some significant factors unveiled in the estimation. Individuals between 0 and 18 years old are more 
likely to choose bike-and-ride, whose Exp(B) is 8.161 compared with the age above 55. People who are unavailable 
to bikes have less possibility to use this mode, whose Exp(B) is 0.328 compared with owning more than one bike. 
When people’s travel distance is less than 5 km, they are more likely to use this mode, whose Exp(B) is 1.784 
compared with the travel distance more than 5 km. People will choose this mode under the conditions that the bike-
and-ride is convenient in service and facility, whose Exp(B) is 2.881 compared with the unconvenient in service and 
facility. 
Besides we can find in the model estimation results that, individuals without cars have less possibility to use 
bike-and-ride than the ones with car available; individuals with an income below 40,000 RMB per year have more 
possibility to use bike-and-ride than the ones with an income between 40,000 and 80,000 RMB per year. But both of 
these two variables have lower significance level than the factors mentioned above. 
Based on the analysis of the model estimation, we can find that age, owning of bikes, trip distance and the 
convenience of the service and facility of bike-and-ride have a significant impact on the mode choice of bike-and-
ride. Besides, car available and the income per year can also influence the mode choice of bike-and-ride. 
From the above, individuals who tend to choose the mode of bike-and-ride have some typical features, which are 
younger than 18 years old, owning the bikes, with trip distance less than 5 km and a lower income per year. Besides, 
the convenience of the service and facility of bike-and-ride is also an important factor which can influence people 
choosing the bike-and-ride. 
4.2. Policy suggestions 
From the model results analyzed above, in order to encourage more people to choose the mode of bike-and-ride, 
convenience of the service and facility should be the prior goal in planning and design for public bike sports. 
Through simplifying the transfer procedures, shorten the distance between bus stops/rail stations and public bike 
spots, and generalize the using of the transport card (containing both of the transit service and public bike service) 
can appeal more people with high income and cars using to the bike-and-ride mode. 
Besides, increasing the number of the public bike sports in the large commercial, residential, office areas and bus 
stops/rail stations where is densely populated, thus, more people can be attracted to use the mode of bike-and-ride 
for its fast and convenience. 
Finally, in order to make cycling more safe, bike lanes should be added in the road designs and reconstructions, 
so that people of different ages could be attracted to choose bike-and-ride without the fear of the safety in travelling. 
5. Conclusions 
A logistic regression model was established with individual characters, trip features, and service and facility level 
as independent variables using the RP and SP surveyed data in Xi’an Economic and Technological Development 
Zone. Significant factors were identified. Age, owning of bikes, trip distance and the convenience of the service and 
facility of bike-and-ride had a significant impact on the mode choice of bike-and-ride. Besides, car available and the 
income per year could also influence the mode choice of bike-and-ride. Based on the model results, some 
suggestions related to the public bike projects were given in this paper, which could be the references for plans and 
the implementations of the public bike projects in other cities in China. 
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